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(54) Variable filter 

(57) An advantageous embodiment of the invention 
is the filter of the receiver branch of the duplex filter in 
a multi-channel radio transmitter/receiver having recep- 
tion and transmission bands composed of plural radio- 
frequency channels. In the first state of the filter, when 
the radio transmitter/receiver is only receiving radio sig- 
nals, the width of the pass band of the filter corresponds 
to said reception band. In the second state, in which the 
radio transmitter/receiver additionally transmits radio 
signals, the pass band of the filter is switched by current 
control (+ I DC) to cover only part of the reception band. 
By constructing the filter in the manner proposed it is 
possible to use current controHn the first resonator (HX 
1 ) in the filter of the receiver branch. Because of its pow- 
er consumption current control is otherwise unsuitable 
for use in e.g. the duplex filter of a portable radio-tele- 
phone. 
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(54) Variable filter. 



(57) An advantageous embodiment of the inven- 
tion is the filter of the receiver branch of the 
duplex filter in a multi-channel radio transmit- 
ter/receiver having reception and transmission 
bands composed of plural radio-frequency 
channels. In the first state of the filter, when the 
radio transmitter/receiver is only receiving radio 
signals, the width of the pass band of the filter 
corresponds to said reception band. In the sec- 
ond state, in which the radio transmit- 
ter/receiver additionally transmits radio signals, 
the pass band of the filter is switched by current 
control (+ I DC) to cover only part of the 
reception band. By constructing the filter in the 
manner proposed it is possible to use current 
control in the first resonator (HX 1) in the filter 
of the receiver branch. Because of its power 
consumption current control is otherwise un- 
suitable for use in e.g. the duplex filter of a 
portable radio-telephone. 
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The invention relates to a filter in general and in 
particular to a duplex filter for use in connection with 
a transmitter/receiver. 

Radio apparatus which comprises both a trans- 
mitter and a receiver using a common antenna usu- 5 
ally requires a duplex filter which correctly directs the 
signal being transmitted and the signal being re- 
ceived. The received signal coming from the antenna 
must be directed to the receiver without the transmit- 
ter causing significant losses. Likewise, the signal w 
being transmitted must be directed to the antenna 
without the receiver causing significant losses. A du- 
plex filter can be constructed, for example, of helix 
resonators or of ceramic resonators, and the type and 
number of resonators with which the filter is realized 15 
depends on the requirements set for the filter. 

As portable telephones have become ever small- 
er and lighter and the requirements for the reduction 
of their power consumption have increased, the re- 
quirements set for the filters have become more strin- 20 
gent. Particularly stringent requirements apply to the 
duplex filter, since, traditionally, it has been the larg- 
est filter in the telephone. At the present state of the 
art this is a difficult task to achieve, since the size of 
helix filters and dielectric filters is determined mainly 25 
by the electrical properties of the individual resona- 
tors, such as the resonant frequency, quality factor 
and the bandwidth of the filter. 

In order to be able to construct a filter with the re- 
quired pass bands while maintaining sufficient at- 30 
tenuation of the stop bands, a certain number of res- 
onators are required for each branch of the duplex fil- 
ter. Typically, in a cellular telephone the transmitter 
branch of the filter comprises four resonator circuits, 
while in the receiver branch it is possible to manage 35 
with three resonator circuits. The seven resonator cir- 
cuits in this example thus determine the physical 
length of the duplex filter. 

It is known that the number of resonators can be 
reduced by making at least some of them variable. 40 
Because, for example, in the cellular telephone sys- 
tem the transmission and reception bands used by 
the system consist of the bands defining the individ- 
ual channels, the pass bands of the filters of one or 
both of the filter branches can be made fairly narrow 45 
while nevertheless covering the entire frequency 
range required by shifting the frequency response of 
the filter in the frequency plane, which means chang- 
ing the centre frequency of the filter. In a variable fil- 
ter the resonance frequencies of the individual reso- 50 
nators are adjusted to provide a filter having the de- 
sired frequency response. The final result is that with 
a smaller number of resonators it is nevertheless pos- 
sible to cover the desired frequency range. 

The adjustment of the individual resonators can 55 
be voltage controlled continuous adjustment or cur- 
rent controlled switched adjustment. In switched ad- 
justment the control change shifts the frequency 



step-wise to the new value. Usually switched adjust- 
ment has two positions. The general trend is to use 
switched adjustment in the filter of the transmitter 
branch, in the TX filter, because a filter having this 
type of adjustment is more easily constructed to with- 
stand the high power of the transmitter. Af ilter having 
continuous voltage controlled adjustment does not 
withstand high powers, so that it is suitable for adjust- 
ment of the final resonator, seen from the antenna, of 
the filter of the receiver branch, the RX filter, but the 
resonator nearest the antenna must be adjusted by 
switched current control because this resonator cir- 
cuit must withstand fairly high power since it reflects 
back the transmitter power while the transmitter is ac- 
tive. 

However, this is a considerable disadvantage 
since current control consumes the telephone's pow- 
er continuously. In a hand-held telephone as a result 
of this additional power consumption the standby 
time falls to almost one third compared with a non-va- 
riable duplex filter. Naturally this is not acceptable in 
a hand-held telephone. Accordingly in state of the art 
variable filters the resonator nearest the antenna is 
fixed and not adjustable. 

The present invention presents a filter which 
does not have the aforementioned disadvantages 
and in which the fixed resonator or resonators are re- 
placed by a frequency-adjustable current-controlled 
resonator without substantially increasing the current 
consumption of the telephone. 

The invention makes use of the fact that for most 
of the time the telephone is in use it is in the standby 
mode, in which the telephone listens for any incoming 
calls, and that only a small part of the total time of use 
is active speaking time for which the transmitter is on. 
Thus only a small part of the total time is such that the 
filter of the RX branch of the duplex filter is required 
to withstand high power. 

With this is in mind, in one aspect the present in- 
vention provides a variable filter formed by a plurality 
of resonators electromagnetically coupled to one an- 
other, characterised in that a first of the resonators, 
positioned first in the direction of travel of an input sig- 
nal, is a resonant frequency-adjustable resonator 
controlled by external current, the filter being control- 
lable between a first state in which its pass band is 
broad to a second state in which its pass band is nar- 
row by the application of a first external control cur- 
rent. 

Thus, it will be appreciated that if the duplex filter 
is constructed with such a filter in the RX branch, the 
current-controlled variable resonator is able to with- 
stand high power from the transmitter. 

When the telephone is in the first state or standby 
mode, the current control of the resonators is not in 
use, so that the mode can be described as a rest state 
of the filter. In this rest state the band width of the filter 
is broad and a sufficiently low, pass attenuation is 
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provided throughout the entire frequency band to per- 
mit the reception of signals. The stop attenuation of 
the filter in this broad-band state is poor, but this is not 
a problem because the transmitter is not in operation; 
the telephone is in standby mode and just listening to 
the call channel. The only power loading is the low 
power of the received signal. 

When changing from standby mode to call mode 
(the second state), the telephone's transmitter is 
switched on. At the same time, the current controlled 
resonators of the filter of the receiver branch receive 
a first external control current causing a change in the 
band width of the filter changes and becomes narrow. 
In this narrow band state the stop attenuation of the 
filter is high and the filter is able to withstand the 
transmitter power. In the narrow band state the band 
of the RX filter does not cover ail the reception bands 
of the multichannel radio-telephone system used, but 
this is not a problem because in this state the band of 
the filter is adjusted by current and voltage control in 
any known way so that its pass attenuation is low and 
its stop attenuation is high for the reception channel 
in use at that moment. 

Subsidiary features of the invention are given in 
the appended claims. 

An exemplary embodiment of the present inven- 
tion is described in more detail with the aid of the ac- 
companying schematic example drawing, which rep- 
resents a duplex filter. 

The filter comprises three signal connections: the 
TX connection where the transmitter signal enters the 
filter, the RX connection from which the received sig- 
nal goes to the receiver, and the antenna connection 
ANT. The filter of the TX branch of the duplex filter is 
shown indicated merely as a block since it is not es- 
sential to the invention. The filter of the RX branch 
comprises three resonators HX1, HX2 and HX3 cou- 
pled to each other by electromagnetic fields M1 and 
M2 forming a filter of the bandpass type. The resona- 
tors may be, for example, helix resonators, but the in- 
vention is suitable for use with any type of resonator. 
The coupling elements BL1 and BL2 are matching 
elements for feeding the RF signal to and from the fil- 
ter respectively. 

The resonant frequencies of the resonators HX2 
and HX3 can be adjusted continuously by control vol- 
tage + U DC. The control circuit of resonator HX2 
comprises a series circuit formed by coupling capac- 
itor M6 and varactor diode D3, the series circuit being 
electrically parallel with the resonant circuit of the res- 
onator. One electrode of the coupling capacitor may 
be formed by the upper end of the resonator and the 
other electrode by a metal plate near to the upper end. 
In the case of a helix resonator the coupling may also 
be by direct contract with a turn of the helix, i.e. by 
tapping. Correspondingly the frequency control cir- 
cuit of resonator HX3 comprises a series circuit 
formed by a coupling capacitor M7 and varactor diode 



D4, the series circuit being electrically parallel with 
the resonant circuit of the resonator. By applying a DC 
voltage via resistors R and R* to the cathodes of the 
varactor diodes the capacitance of the diodes is 
5 changed as the voltage changes. The total capaci- 
tance of the resonant circuit is thereby also changed 
with a corresponding change in resonant frequency. 
The frequency control can also be variable if the val- 
ue of the control voltage + U DC is adjustable. This 

w method of voltage control of the frequency of resona- 
tors HX2 and HX3 is known to those skilled in the art 
and also any other known method of voltage control 
may be used. 

The manner in which current control of resonator 

15 HX1 is arranged will now be examined. The frequen- 
cy control circuit is formed by inductive elements L1 
and L2 which act as RF separators and through which 
external control currents +l DC2 and +l DC1 respec- 
tively are fed to the circuit. The circuit additionally 

20 comprises diodes D1 and D2, coupling capacitors M4 
and M5 as well as a capacitor C1 to separate the con- 
trol current. In the electromagnetic field of resonator 
HX1 there is a subsidiary resonator T1 so that the 
coefficient of electromagnetic coupling between 

25 these resonators is M3. A subsidiary resonator is 
known per se, for example from the previously men- 
tioned Patent Application FI-88442. 

While a telephone according to the invention is in 
the standby mode no power consuming current con- 

30 trol is used. The external control currents + 1 DC2 and 
+ I DC1 are then zero. The subsidiary resonator T1 
has no effect and the only effective factor is the ad- 
ditional coupling formed by coupling capacitors M4 
and M5 (diode D2 is not conducting) that acts, in par- 

35 allel with the coupling M1 which occurs through the 
electromagnetic field between resonators HX1 and 
HX2. The additional coupling causes an increase in 
the total coupling between the resonators which in 
turn broadens the pass band of the filter composed 

40 of resonators HX1 , HX2 and HX3 to at least the width 
of the entire pass band in use (the reception band of 
the telephone system). 

As a result a uniform pass attenuation is obtained 
throughout the frequency band. The voltage control- 

45 led resonators HX2 and HX3 can of course be adjust- 
ed ail the time also in the standby mode and thereby 
the pass attenuation can be optimized even sepa- 
rately for each channel if this should be considered 
necessary. The stop attenuation at the transmitter 

50 frequency is poor in the standby mode, but this is of 
no significance since the RX stop attenuation is re- 
quired to attenuate the transmitter power and in the 
standby mode the transmitter is switched off. The res- 
onant frequency of HX1 is tuned optimally to the cen- 

55 tre of the reception frequency band. 

When the telephone is switched to call mode the 
transmitter is switched on. In this mode the stop at- 
tenuation of the RX filter should be much higher than 
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in the standby mode. The increased stop attenuation 
is obtained by switching on the control current + I 
DC1 , whereby D2 becomes conducting and grounds 
the coupling M4 and M5 which is in parallel with the 
coupling M1 . With the disappearance of the additional 
coupling the total coupling between HX1 and HX2 is 
reduced and as a consequence the pass band of the 
filter is narrowed and the requirements for stop at- 
tenuation are met Because the control current +l 
DC2 is still zero, the subsidiary resonator T1 does not 
have any effect on the operation of the filter. 

Grounding of coupling capacitors M4 and M5 
causes a frequency shift in the resonant frequencies 
of resonators HX2 and HX1 which thereby tune to a 
lower frequency. The frequency shift is desired, how- 
ever, only in resonator HX1 , so that the magnitude of 
the coupling M4 is chosen from the outset to be suit- 
able from the viewpoint of tuning. The optimal fre- 
quency shift is approx. 1/4 of the reception frequency 
band, assuming that the resonant frequency of HX1 
in standby mode is in the centre of the frequency 
band. The strength of the coupling of coupling capac- 
itor M4 to HX1 is thus determined by the frequency 
shift desired, so that its value should be large. The ca- 
pacitor M4 is ten times larger than the capacitor M5, 
and thus the magnitude of the additional coupling M4, 
M5 between resonators HX1 and HX2 is determined 
almost entirely by coupling M5. The strength of the 
coupling of coupling capacitor M5 to HX2 accordingly 
becomes so weak (small capacitance) that it does not 
even significantly affect the resonant frequency of 
HX2. 

If for some reason it is necessary to make the 
coupling so large that its effect on the frequency of 
HX2 becomes a disturbing factor, then the matter is 
readily corrected by providing HX2 with a separate 
control voltage + U DC, whereby the resonant fre- 
quency can be corrected to that desired. This is not 
shown in the drawing but the method is known to 
those skilled in the art. 

The frequency of HX1 is thus now adjusted to 1/4 
of the frequency band below the centre of the fre- 
quency band, and is accordingly in the centre of the 
lower half of the frequency band. Fine adjustment for 
individual channels of the pass and stop attenuation 
in the lower half of the range is made by stepless ad- 
justment of resonators HX2 and HX3. This is the case 
when the current reception channel is located in the 
lower half of the frequency band. 

When the reception channel is located in the up- 
per half of the frequency band, +l DC1 is switched off 
and +l DC2 is switched on, and the control current 
passes through diodes D1, D2. The conducting di- 
odes ground the open end of subsidiary resonator T1 . 
The other end of the resonator is already grounded 
with respect to radio frequency signals through ca- 
pacitor C1 , which has a value chosen to be a short cir- 
cuit at radio frequencies (e.g. 100 pF). The change of 



this subsidiary resonator from a quarter-wave reso- 
nator to a half-wave resonator causes, through the 
coupling M3, a shift in the resonant frequency of HX1 
from the centre of the lower half to the centre of the 

5 upper half of the frequency band. This principle has 
already been patented and is disclosed in more detail 
in the Applicant's Fl Patent No. 88442. Fine adjust- 
ment for individual channels is made in the same way 
as for the lower half of the frequency band by adjust- 

w ing the control voltage + U DC of the voltage control- 
led resonators HX2 and HX3. 

Within the scope of the accompanying claims the 
invention can be implemented in numerous different 
manners, of which the example presented above is 

15 only one of many. The claims do not place any restric- 
tions on the manner in which the frequencies and cir- 
cuits of the resonators are adjusted or changed. Fur- 
ther, the resonator could be of some type other than 
a helix resonator, for example a ceramic resonator, 

20 rod resonator, strip resonator etc. 



Claims 

25 1. A variable filter formed by a plurality of resona- 
tors (HX1, HX2, HX3) electromagnetically cou- 
pled to another (M1, M2), characterised in that a 
first of the resonators (HX1), positioned first in 
the direction of travel of an input signal, is a res- 

30 onant frequency-adjustable resonator controlled 

by external current (+l DC1 , + I DC2), the filter be- 
ing controllable between a first state in which its 
pass band is broad to a second state in which its 
pass band is narrow by the application of a first 

35 external control current (+l DC1). 

2. The filter according to Claim 1, including a first 
means (M4, M5, D2, L2) operable in response to 
the first external control current (+l DC1) to de- 

40 crease the coupling between two adjacent reso- 

nators (HX1, HX2), thereby narrowing the pass 
band of the filter. 

3. A filter according to Claim 2, wherein the first 
45 means includes an additional capacitative cou- 
pling (M4, M5) in parallel with the coupling (M1) 
between the two adjacent resonators, which ad- 
ditional coupling is grounded on application of the 
first external control current, thereby decreasing 

so the coupling between said two adjacent resona- 

tors (HX1, HX2). 

4. A filter according to Claims 1 or 2, including a sec- 
ond means (T1, D1, L1.C1) operable in response 

55 to a second external control current (+l DC2) to 

change the resonant frequency of the first reso- 
nator (HX1). 
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5. A filter according to Claim 4, wherein the second 
means comprises a subsidiary resonator (T1) lo- 
cated in the electromagnetic field of the first res- 
onator (HX1), which subsidiary resonator in re- 
sponse to introduction of the second external 5 
control current (+l DC2) switches from a quarter- 
wave resonator to a half- wave resonator. 

6. A filter according to any preceding Claim, includ- 
ing a third means (D3, D4), which in response to 10 
a control voltage (+ U DC) continuously vary the 
resonant frequencies of at least some of the res- 
onators, enabling fine adjustment by said control 
voltage of the stop and pass attenuations of the 
filter in both of its states. 15 

7. A filter according to any preceding Claim, where- 
in at least some of the resonators have associat- 
ed individual means, which in response to a con- 
trol voltage continuously vary the resonant fre- 20 
quency of the associated resonator, enabling fine 
adjustment by said control voltage of the stop and 
pass attenuations of the filter in both of its states. 

8. A multi-channel radio transmitter/receiver having 25 
reception and transmission bands composed of 
plural radio-frequency channels and a duplex fil- 
ter comprising a variable filter as in any preceding 
claim in its receiver branch, wherein while the va- 
riable filter is in the first state the width of the pass 30 
band of the variable filter corresponds to the re- 
ception band of the radio transmitter/receiver, 

and while in the second state the width of the 
pass band of the variable filter is only part of the 
reception band. 35 

9. A transmitter/receiver according to Claim 8, 
wherein in the second state the pass band of the 
variable filter corresponds to the lower half band 

of the reception band and the resonant frequency 40 
of the first resonator (HX 1 ) is at the centre of the 
lower half band, and on application of the second 
external control current the resonant frequency 
of the first resonator (HX 1) shifts to the centre 
of the upper half band, and the pass band of the 45 
filter corresponds to the upper half band of the re- 
ception band. 
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